In this paper, a double voltage generator is proposed. Although a voltage doubler is described, the technique can be easily extended to any kind of voltage multiplier. Unlike to the previously reported on-chip voltage multipliers, the proposed topology is insensitive to the technological parameters and performs a real voltage multiplication.
I. Introduction
For the typical digital supply voltages, 0-5V, switched-capacitor networks achieve dynamic ranges of the order of 80 to 100 dB. As long as the power supplies are reduced, the swing of the signal decreases and the resistance of the switches increases further. Both effects reduce the dynamic range of the switched-capacitor networks and limits further the frequency response of the system. The design techniques for low-voltage low-power amplifiers have been addressed by several authors [1- 4, 7] . The implementation of op amps for low voltage applications seems to be not a fundamental limitation as long as the transistor threshold voltage is smaller than (VDD-VSS)/2. Even more, if the gate source voltage is reduced below the threshold voltage of the transistor, it operates in the so called weak inversion region [l-31. In this region, the transistor behaves like a bipolar transistor. It has been shown that analog integrated circuits can operate efficiently in this regime [1-21. A major design problem arises when the switches of a switched-capacitor system must be driven from low-voltage supplies. The same problem arises when the resistance of a battery of portable equipment starts to increase [3, 7] . In these cases, the dc-dc converters are a must. This paper deals with the design of a double voltage generator. In section 11, the problems caused by the the increment of the switch resistance are briefly discussed. The principle of the dc-dc converter and a couple of the previously proposed solutions are described in section 111. The proposed dc-dc convertor is described in section IV. Some results are shown in section V and at the end some conclusions are given. However, for a drain-source voltage higher than VGS-VT the transistor saturates and does not behave as a switch anymore. This limitation, clearly reduces further the dynamic range of the switchedcapacitor circuits. Further, the time to charge the capacitors increases with the increment of the switch-resistance.
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III. Voltage Generators.
A solution for this drawback is to generate the clock phases from higher voltage supplies. Other approach using switchedopamps has been proposed in [ 5 ] A CMOS solution has been already proposed by Dickson [ 6 ] . This topology, however, is composed by a chain of diode connected transistors, several capacitors and two non-overlapping clock phases. Several of the drawbacks of this structure are: poor accuracy, huge ripple, considerable power consumption and the output voltage is dependent of the process parameters. The solution proposed in [7] overcome most of these shortcomings but its accuracy is poor and the output voltage presents ripple. The output ripple is function of the clock frequency, the load capacitor and the transistor parameters. A topology that overcomes these drawbacks is described next.
roposed topology.
An implementation of Fig. 2 , using an NWell process, is shown in Fig. 3 In Fig. 4 , it can also be noted that vx reaches a very high voltage, 3.75 volts in this case. A small modification circuit allows to generate clock from 3.75 volts and VSS (-075 Also, with a properly driven transistor, a 3.75 volts dc output can be obtained from the node vx.
of the phases volts).
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Conclusions
In this paper, a double voltage generator has been presented. Although the principle of the circuit has been known for long time. The previously reported topologies had presented several drawbacks. In the proposed implementation, these drawbacks are overcome and real voltage multiplication is obtained. The double voltage generator is insensitive to the process parameters and its accuracy is only limited by the parasitic capacitors. Although a voltage doubler is reported, the topology can be extended to realize several types of dc-dc converters.
